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I. Introduction
The purpose of this paper is to explore the theoretical and empirical relationship between female labor supply and fertility in the context of a life-cycle decision making process. Our starting point is the well documented empirical finding that younger women with lower measured fertility engage in market activity more frequently and more intensively as estimated from participation or hours regression equations that treat fertility as exogenous (Heckman 1974 , Gronau 1973 , Heckman and Willis 1977 . This research stands in sharp contrast to an equally vast literature that treats fertility as a choice variable (Willis 1973, Becker and Lewis 1973) . Recognition of this inherent conflict has spurred several attempts at specifying and estimating simultaneous equations models (Cain and Dooley 1977 , Schultz 1977 , Stafford and Hill 1978 . Although estimates of the fertility-labor supply relationship abound, a full appreciation of the interpretation of such estimates has been lacking regardless of the empirical strategy.
1 This pa~1er attempts to elucidate, therefore, what information is contained in the estimated association tetween fertility and labor supply as calculated from "single" and "simultaneous equations" estimation techniques. In addition, an empirical methodology is developed to estimate the impact of exogenously distributed children on life-cycle labor supply decisions.
In section II, several utility maximization models are presented which are intended to illuminate the essential links between empirical estimates of the fertility-labor supply association and economic theory.
These models incorporate within a static framework notions of child-specific investments and market-specific human capital atrophy. In section III, we present a statistical methodology based upon the occurrence of twins on the first pregnancy and provide estimates, using that methodology, of the extent to which women respond to exogenous (and, in this case, unanticipated) We first consider the information contained in the observed, ceteris paribus relationship between fertility and labor supply based on a one-period (lifetime) model incorporating a production function for child services. We assume that individuals maximize a utility function, given by (1), where 1 is a (1) U = U(1,n,X,q;E) me.qsure of lifetime home time, n is the number of children, q is the services (quality) from each child, and X represents other goods consumed. ~unction (1) has the usual neoclassical properties, but the population is heterogenous with respect to preference orderings over the four goods, as represented by a randomly distributed shift ~ parameter E, such that Un , U i 0, V , U = 0.k The production of child ~E nE XE qE services q is described by a production function (2). While for simplicity it is assumed that q is produced jointly with ,Q, and n, function (2) captures the (2) q = 8(£,n) critical assumptions found in the household production fertility literature (Willis, 1975; Becker and Lewis, 1975 ) --non-jointness of quality production across children and time-intensity --since we assume that 8,Q, > 0 and en < 0 and no purchased goods inputs are used to produce q.
Each individual owns a stock of human capital from which he earns a return r and faces with certainty prices for X, rx· and n, pn upon which information fertility and labor supply plans are made. It is important to note that p is the cost of increasing the number of children independent of n q; e.g., birth and contraceptive costs, and should not be confused with the shadow price of quality.
3 The full-income budget constraint is thus:
3.
(3) F = r HT + A = p X + p n + r H£ x n where A is exogenously-given asset income. Individuals maximize (1) subject to (3) with respect to£, n, and X, given (2).
The model yields four first-order conditions as well as three demand equations for the endogenous or choice variables i, n, x in terms of the exogenous variables, p , p , r, H, F and £. The first partials of these x n functions are approximated by totally differentiating the four first-order conditions. Assuming interior solutions, the relationships between infinitesimal changes in n and i with respect to changes in prices and £ along the indifference curve associated with the optimal solution are:
(4) (5) where 0 is the determinant of the bordered Hessian, the 0 .. are the cofactors s is we -nown, a o t e pre 1ct1ons o t e model, the tastes-constant price-effect information, are contained in the cofactor terms; i.e., 0 < 0, 0ii > 0, etc. Thus only empirical estimates which provide information on the 0 .. can be used to test the model or to 1J ascertain the potential effects of policy on behavior. Expressions (4) and
(5) also indicate that the parameterization of population heterogeneity in preferences embodied in (1) implies that the £ 1 s affect the demand for home time and children in the same manner as do prices.
To ascertain what information the population association between n and Q, provides, assume that F, r, H and p are ''controlled", but we have no information x on p or the unobservable tastes parameter £, both of which may vary across n 4.
individuals. An approximation to the slope of the relationship between £ and n in the population, from (4) and (5) is given by : (6) d£ dn
As can be seen, (6) reflects both the structure of the model as given by the 0 .. terms as well as the unobserved population difference in c and p . If 1J n it could be assumed that preferences did not vary (dc=O), however, the slope of the fertility labor supply relationship would provide information on price effects, being equal to 0 12 /0 11 , the ratio of the ~ompensated cross price effect of p on £ (or rH on n) to the compensated own price effect on n.
n Since 0 11 > 0, the sign of (6) would thus provide the sign of the effect, say, of a compensated change in contraceptive costs on labor supply.
While the actual relationship between fertility and labor supply thus cannot provide information on tastes-constant cross-price effects when both pn and c vary and are unobserved, if pn did not vary, population heterogeneity in "tastes" could provide the same information as variation in p . If it n were known that c only affected either U£ or Un, but not both, then with dp =O, we see from (4) and (5) that the slope d£/dn would provide the sign n It can easily be demonstrated, based on the rationing or conditional demand literature (Tobin and Houthakker, 1952; Pollak, 1969 ) that treating n as a parameter n, and varying it around the unconditional equilibrium that would have obtained, i.e., around planned or optimal n, yields the compensated price effect information not obtainable from the actual n-£ association in a non-heterogenous population; i.e.,
d£ dn = dR-/dp n dn/dp n 5.
Thus if we had an experiment in which heterogenous (in E) individuals were constrained randomly with respect to fertility --some bearing more children or some less than the planned or optimal number --the observed difference~ in labor supply associated with n would provide the tastes-constant compensated cross and own price effect ratio.
These considerations both illustrate the rationale for the use of simultaneous equation techniques for estimating the effect of n on£ as well as their redundancy.
Use. of two stage least squares, say, is an attempt to obtain an estimate of dt/dn where n does not reflect variation in unobserved preferences, which it otherwise will even if tastes differ in the population only with respect to preferences for t (i.e. , ll £E 1 O onJy). However, the only source of variation in n across individuals not due to differences in preference orderings must be differences in the own price of children,
Pn (px' F, r, H but not E are assumed to be fixed, or "controlled"). The identifying instrument for the second-stage labor supply equation conditional on "predicted" n is thus, in this case, pn or its proxy. Of course, this normalization is perfectly arbitrary as it is possible to use any one of the set of labor supply determinants, omitted from that relationship, as the instrument for fertility. However, since the coefficient on predicted fertility in the conditional labor supply equation yield only the ratio of compensated p effects, as in (7), it is obvious that the same n information could be obtained by estimating the usual demand equations for n and £, from which Hicks-Slutsky price and income effects are obtained directly. Thus if p is known and E is not, the 'exogenous' impact n of non labor supply d£/dn can be estimated (is identified), but the information it conveys is less informative than that from the "reduced forms." Note, however, that if E is known but not p and it is assumed n -that U nE 1 0 only, that is if we impose a certain structure on "tastes" for n when we have no information on prices, the same compensated price information can be obtained, but again through either the usual demand or 6.
the conditional demand equations using simultaneous equation techniques.
Thus if preference orderings for home time vary parametrically and fertility is a choice variable whose price also varies, labor supply equations which include some measure of actual fertility among the regressors will provide inconsistent estimates of conditional price effects. While simultaneous equations techniques can yield consistent estimates of (7), the effects of other prices and income on labor supply in an equation conditioned on fertility will, of course, differ from the Hicks-Slutsky effect obtained from the 
n=n 2 -1-p x 2 -1-p x -· -0-Thus, actual fertility may be substituted as a determinant of labor supply for pn if the latter is not known, and consistent estimates of the price effect ratio (7) would be obtained only if preference orderings do not vary for home time. In that case, however, only consistent estimates of conditional price effects such as (9) are obtained. Estimation of labor supply equations without fertility or pn included among the regressors, however, would obviously yield biased estimates of the Hicks-Slutsky price and income effects.
In section III we demonstrate that a consistent estimate of (7) can be obtained by using twin births without the need for information on either p or E. As we have seen, such an estimate yields the sign of the compensated n price effects d£/dp and dn/d(rH), which is not predicted by the model as n structured. If additional restrictions are placed on the model described by equations (1), (2), and (3), however, more inferences can be derived about the structure of the model from the estimate of the effect of an exogenous fertility change on labor supply. To see this, assume first that q is separable in (1). The numerator in (7) can then be written as A model which would capture many of the important aspects of the relationship between fertility and labor supply would distinguish at least three periods --two child-bearing periods, early and late, in which q is produced with home time --and a third period corresponding to a time when children are mature and q is not produced. Such a model could thus capture optimal spacing decisions as well as the costs of changing contraceptive strategies associated with such behavior. To reduce complexity, however, we initially ignore this latter complication, which is discussed below, and instead construct a two-period model, corresponding to the fertile and non-fertile (no q produced) periods of the life cycle. The utility function is given by (11) and is assumed to be strongly separable in its arguments.
As demonstrated above for the one-period model, no testable hypotheses can be derived from knowledge of the sign of the compensated cross price effects without additional restrictions on the utility function.
The production of q is assumed to occur in the first period and is described by (~2).
(12)
The individual begins the planning period with an exogenously given stock of human capital H 1 which then depreciates as a function of home time in period 1. The dependence of H 2 on .Q, 1 , and thus the price of £ 2 on £ 1 , is given 6 by (13), and will be referred to as serial dependence.
(13)
The lifetime full income constraint, assuming a zero rate of interest, is thus where, again, all prices are fixed and known in advance with certainty. The first-order conditions of the model are given by (15) u + u 8 -::\p n q n n 0 (16)
Un -ArH = 0
x.2 2
u -Ap = 0
x x in addition to (14).
The intertemporal model differs from the one-period model in two important dimensions --the existence of the depreciation function (13) and the addition of another home time variable which is not associated with the production of child services. Thus, for example, in this model the shadow price of home time in period one, from (16), depends on both labor supply in period two and the rate of human capital depreciation. 7 We now demonstrate that, given strong 10.
separability, consistent estimates of d£ 1 /dn and d£ 2 /dn, which can be easily demonstrated to provide the signs of the cofactors 0 12 and 0 13 respectively from the 5x5 Hessian determinant of the two-period model, can be used to test for the existence of the q function, as was true in the first model. However.
the existence of serial dependence cannot be disproved with such information.
While in the one-period model separability only in q in the utility function would have allowed a decomposition of the relevant cofactor into terms embodying separately the properties of the utility and child services production functions, in the intertemporal case the q and depreciation functions cannot be disentangled even if strong separability in (11) is imposed. however, under the latter assumption, the cofactors 0 13 and 0 12 can be split into two suchadditive terms if either the q or l/! functions are dropped. Both the decomposability of the cofactors as well as the sign imputation to the conventional (non-q, non-l/!) compensated cross price effects, given by the sign of 0 13 and 0 12 . resulting from strong separability. allow us to sign d£ 1 /dn and d£ 2 /dn with serial dependence only.
Consider first the (exogenous) effects of n on £ 1 and i 2 with the q-relationship suppressed, given by (19) and (20), separability assumed.
The second terms in the numerators of (19) and (20) result solely from the serial dependence hypothesis and are both positive, if the second derivative of the human capital ~ function is small or negative. Because the first conventional cross price effect terms are the same sign as the ~-related terms and because it can be easily shown that the q production equation (12) would add terms to (19) and (20) which are of ambiguous sign, as in (10), the finding that an increase in the number of children decreased labor supply at any point in the life cycle would lead to a rejection of the intertemporal labor supply model without time-intensive child services production. Given the sign ambiguity associated with the q-function hypothesis, it is obvious that even under the strong separability assumption the existence of serial dependence in human capital cannot be verified.
It is important to note that the difficulty of distinguishing the importance of child services production from serial dependence in the absence of direct information on (estimates of) equations (12) and (13) does not result solely from the fact that we may be limited only to information on the signs of the fertility effects on labor supply. which we provide in the next section. If we could estimate, for example, the effect of an exogenous change in past labor supply on current labor supply, i.e., d2 2 /d£ 1 , as in Heckman (1978), we could only discern (in a weak test) the existence .of serial dependence if both separability is imposed and investment in children, at least as characterized by equation (12), is ignored. The latter· relationship, given by (21) with q suppressed, is: The first term in the numerator embodies the conventional compensated cross price effect and is positive, given separability. while the second term, resulting from serial dependence, is negative. If early labor supply is observed to have a positive 'effect' on labor supply later in 8 the life-cycle, assuming that the heterogeneity problem can be solved, then the absence of serial dependence could be refuted. However, such a result is also consistent with a model in which serial dependence is ignored but the production of child services is a time-intensive activity s~nce, under those assumptions,
= r0 c + rH The previous models assumed that individuals are indifferent as to the timing of births. We can generalize the model of fertility and labor supply by also making children in each period imperfect substitutes in the utility and q functions and thereby capture optimal birth spacing considerations.
In the general case the individual maximizes utility function (23) (23) U = U(n.,£.,X.,q;e:) l.
J J i=l • • . s, j=l • . ,w, S<w subject to constraint (24) and the q and depreciation functions (25) and (26), where S defines the (biological) end of the child bearing period, and w the planning horizon. i=l . • . 8 13.
In this formulation an increase in an n. for given total n is equivalent J to closer spacing of births. (1977) . 9
The general model also illustrates more precisely than has been evident in the literature the distinctions between planned fertility, dn. is unanticipated. In a sense, an unanticipated event in period j marks J the beginning of a new optimization problem in period j. The responses to an exogenous fertility change occurring in the first period as discussed in 14.
the first two models will thus be identical whether that event was forseen or unanticipated. Another justification for treating fertility as an exogenous variable in a labor supply equation therefore is that births are themselves purely unforseen stochastic events rather than events which vary solely due to anticipated price changes (not to heterogeneity in preferences).
Another aspect of the difference between responses to foreseen and unanticipated changes in fertility at any stage of the life cycle, not captured in the model, is that the costs of averting births (a component of p ) may be a n function of the quantity of births to b~ avoided. Thus it may be more costly to achieve the same planned total number of children by compensating later in the life-cycle for an unanticipated rise in births at a young age compared to the original optimal trajectory of births n .. Even if births in any period arc 1 perfect substitutes, as depicted in the first two models, therefore, an unanticipated "transitory" change ih an n. could alter total family size if J contraception cannot be adjusted costlessly. If such costs are also positive functions of the rapidity of adjustment, the degree of lateness of an "extra" child will be negatively correlated with subsequent contraceptive intensity. Of course, unless the relationships in the utility function between period-specific births are known, no predictions about the impact of an exogenous change in any n. on fertility patterns can be predicted. J 15.
III. Exogenous Fer~ility Effects: The Twins First Methodology
In order to estimate the impact of an exogenous change in fertility on labor supply based on non-experimental data from a heterogeneous population, it is necessary to simulate t~e appropriate experiment in which extra children are distributed to families in a manner unconnected to preference orderings. In this section, we show how a natural event, the occurrence of a multiple birth or "twins", can be used as an instrument for exogenous fertility movements. The variable we propose, a twins outcome on the first birth, approximates the social experinent we would wish to perform not only in that some families receive an unanticipated child while others do not, but also in that the treatment and control groups are randomly selected with respect to characteristics that may be related to market participation. It is, therefore, unnecessary to utilize any information on the determinants of labor supply behavior in order to determine the "true" exogenous fertility effect by this method.
To see why the occurrence of twins on the first pregnancv, "twins first", leads to the appropriate experiment, consider a comparison instead of women who have had twins on any birth and women who have not.
Maintain for the moment the assumption that the probability of a twins birth is independent of parity. It is obvious that women with more births, and thus women with, on average, great.er desired fertility, will be overrepresented ·in the sample of twins families. The labor supply of women with twins will therefore reflect in part any relationship between unobserved tastes for children and/or tastes for home time and labor supply as well as the impact of the additional unanticipated child 16, which contains the price-effect information. Moreover, the per pregnancy probability of twins appears to rise with parity (Mittler 1971) , reinforcing the positive covariance between desired family size,which may reflect differ-11 ences in preference orderings, and twins occurrence.
The first birth has the desirable feature that the population of women who experience twins on that birth would prefer the same completed family size as women who do not experience twins on the first birth. However, the straightforward comparison between these two groups of women is complicated somewhat because the probability of twins occurrence also rises with the age of the mother at conception (Mittler 1971) , which is itself subject to choice and which therefore may reflect heterogeneity in prefer-12 ences. However, because i) twins first is orthogonal to all other determinants of labor supply with the exception of age at first birth, i.e., holding age at first birth constant, and because ii) age at first birth is orthogonal to all other determinants of twins first occurrence, sufficient covariance restrictions are provided to enable "consistent" estimation of the twins first effect.
To demonstrate this, define P to be a continuous measure of labor supply or any other choice variable of the household, u the purely random or exogenous component of twins first occurrence, that is, net of the age at first birth effect, and £ the composite of all other (observed and unobserved) labor supply determinants, including those related to preference orderings. Consider the following estimating equation: on the first birth, AFB is age at first birth, and B is the systematic biological association of AFB with TF. Note that u and AFB are independent.
If B is not known, two strategies can be employed. Either B can be estimated by some "consistent" method and a determined in a two-stage procedure using estimated values of u, or one can estimate a directly by the following equation obtained by substituting (28) into (27), to obtain equation (29) (29) P = aTF -aSAFB + £ Estimation of (29) by ordinary least squares will yield a consistent estimate of a, the twins first coefficient, even though AFB is presumed to be correlated with£. The reason is that all TF variation is through u once AFB is held constant and u is itself orthogonal to AFB.
13 Of course, the estimate of the AFB coefficient, aS, will not reflect solely the impact of "exogenous" movements in age at first birth on P, given that £ and AFB may not be independent. However, our sole interest is in obtaining an estimate of the TF effect which is purged of the influence of differential preferences, and that is accomplished regardless of the intervening biological relationship.
The twins first methodology thus enables the identification of an exogenous fertility event without any assumptions about the population 18. distribution of preferences and can be used to draw inferences about 14 life cycle labor supply behavior, discussed in Section II.
The occurrence of a twin on the first birth is an extreme example of a "timing failure" early in the childbearing span, since two children appear simultaneously.
If there is no reason to. suppose that subsequent adaption should differ in direction to less extreme failures, this natural event simulates
having an "extra" child in a period in which the birth was not desired, i.e., it represents an exogenous increase in n 1 in the toodel described by (23) through (26). 15
The major obstacle to implementation of the twins first methodolofy is the availability of data. Since twins occur infrequently, and least frequently on-first births, a data set with a substantial number of women for whom there is accurate information on pregnancy outcomes and measures of labor supply is required. Ideally, we would like longitudinal or retrospective data in order to get at issues concerning intertemporal substitution and serial dependence. However the first set of criteria is impossible to meet in existing data sets that include the necessary lifecycle information. In the next section we combine two cross-sectional data sets, the 1965 National Fertility Survey and the 1973 National 
IV. The Data and Applications
In this section we briefly describe the data and implement the twins first methodology to estimate the causal impact of an unanticipated increase in fertility at one stage of the life cycle on both subsequent fertility behavior and on the life-cycle participation probabilities of women. We also obtain quantitative estimates of the extent to which the use of actual fertility in labor supply equations provides biased representations of the impact of an exogenous change in family size on female labor supply.
The National Fertility Survey of 1965 and that of 1973 are national random samples of women containing detailed information on life-cycle pregnancy outcomes. In addition, each survey ascertains current labor force status, while the 1973 survey also has information on prior employment. In combination there are over 15,000 women of whom we used 12,605.
The major exclusion was necessitated by the twins first methodology itself which requires the existence of a first birth. Thus, only women having at least one child at the time of the survey were selected for the analysis.
Since ages range from 15 to 44, both women who desire zero total children and those who merely wish to postpone births to ages greater than their current age are thus excluded. Women in any age group with no children are ne\·er captured in the analysis and they may react differently to an "extra" child.
Descriptive statistics for selected variables are displayed in Table 1 in either dimension. Recall that the reason for pooling the two samples was to augment the number of twins first observations to gain some precision in estimating twins first effects. Therefore, although it is easily verified that the figures in Table 1 reflect differences in vintage as well as life-cycle patterns, we cannot, given the data, very precisely discover the extent to which responsiveness to the occurrence of twins first is also governed by both phenomena. We present evidence below, however, that the pooled crosssections provide useful qualitative insights into the life-cycle response.
More conclusive results can only be obtained with richer data.
Twins First and Subsequent Fertility
We first examine how the occurrence of a twin on the first birth exogenously alters fertility patterns with particular attention to the role of contraceptive costs in fertility adjustment. (3)). Given our previous discussion these latter effects are not reported, although it is noteworthy tha~ the inclusion of age at first birth in many cases substantially alters the twins first impact.
As .i I 24.
The relative inelasticity of completed fertility with respect to the timing failure is somewhat surprising even in the case in which contraceptive flexibility is costless, given the numerous avenues discussed in the theoretical section for such an effect to exist. However, the larger permanent impact identified when later age at first births are admitted implies possibly greater adjustment costs as the length of the period shortens over which adjustment must occur. Evidence concerning this interpretation as well as the importance of changes in contraceptive costs on fertility control associated with the contraceptive revolution can be obtained by estimating completed family size effects of TF for the 1965 and 1973 cohorts separately. These results, presented in Table 3 , indicate a permanent effect only for the 1965 cohort of older women, who were likely to have experienced a twin on the first birth prior to 17 the availibility of the pill and other efficient contraceptive methods. Moreover, the difference in the TF effect on completed family size by AFB is also only evident for the 1965 cohort, i.e., for the women for whom contraceptive flexibility was likely to be more costly and thus was more likely to vary by the length of the adjustment process. These results thus provide some indirect confirmatory evidence of the impact of the contraceptive revolution on the ability of families to control both timing and numbers of children.
The impact of twins first on the number of children under six shown also in Table 2 cannot be as easily interpreted as children ever born effects. It is obvious that for the youngest women almost all children born within that age interval would be currently under six so that the twins first effect on CHILD is alm>st identical in magnitude
to its effect on CEB. For the two older age groups, women with twins first births have fewer younger children presumably as a result of two phenomena. First, women with twins first have fewer extra children after the age of 25 and second, they complete their family at an earlier age. Each of these is, of course, the outcome of an optimization process and are together merely descriptive rather than true explanations of the CHILD pattern. The point is that a twins first birth gives rise to a different than average fertility pattern which may be connected to a different than average labor force participation pattern.
Twins First and Female Participation
As was demonstrated in Section II, by examining the impact of twins first (an increase in fertility independent of e:) on labor supply at various points in the life-cycle, we can examine how female labor supply is affected by variations in the costs of bearing (preventing) children. We can as well test some of the predictions of the multiperiod labor supply models, possibly ruling out some combinations of assumptions. Table 4 reports the impact of a twins first birth on the dichotomous current work status variable of the mother derived from a maximum likelihood logit (ML LOGIT) estimation procedure based on the pooled 18 sample.
The estimates reported are transformed logit coefficients based on the population mean participation rate and should be interpreted in the same way as a regression coefficient, namely as changes in the probability of participation due to the.occurrence of twins on the first birth. The results indicate that, for the youngest 
35-44
All AFB AFB<35 AFB<25 . 061 (.078) .060 (.078) . 142 ( . 102) 27.
women, the probability of working was smaller by .371 for those with twins on the first birth. This significant increase in home time early in the life-cycle associated with an "extra" birth, as shown in (19), would thus lead to a rejection of the model of life-cycle labor supply under the separability assumption, in which child quality, a time-intensive production activity, is not a choice variable. The twins first impact declines to -.102 for the 25-34 year olds and actually reverses in sign for the oldest women with twins, who have a .142 greater probability of participation. The reduction in home time as a consequence of an exogenous increase in births for older women is also consistent with the separable model which incorporates both serial dependence and time-intensive q-production. While the relatively large standard errors of these latter estimates should again draw the reader's attention to the small samples of twins first observations, the difference in the effects for the youngest and oldest age groups is statistically "significant" at conventional levels (t = 2.17) ·
The heightened participation of the oldest women who experienced twins births, while it is consistent with the general life-cycle model of Section II, casts doubt on the importance of human capital serial dependence. If the evident initial withdrawal from market activity induced by an extra child early in the life-cycle permanently reduced the optimal human capital investment or otherwise adversely affected future wage rates, such a phenomenon, if it exists, appears to be overwhelmed by the apparent substitutability of home time in the utility and q-functions over the life cycle. The results, therefore, appear to be more consistent with the notion of a permanent life-time market participation rate (Mincer 1962) in which current participation is adapted to trans~tory events such as a "timing" failure (a twin) and in which transitory labor-force withdrawal 28.
or entry has little impact on the permanent level.
We have so far interpreted the participation results based on the pooled sample in a life-cycle context even though we have not accounted for the possibility of a vintage-based explanation. As was stressed, the data are not well suited to such an endeavor,' though we now report on two further analyses each based upon the separate surveys to provide limited evidence on the validity of the life-cycle interpretation. First, we disaggregated by survey year and performed the same logit analyses for the two life cycle stages that can directly be simulated: the 1965, 15-24 cohort is coupled with the 1973, 25-34, age at first birth less than 25 group and the 1965, 25-34 cohort is coupled with the 1973, 35-44 age at first birth less than 35 group. The results, presented in Table 5 below, confirm the existence of a declining twins first effect with age for the same cohort, although statistical significance at conventional levels is impossible to achieve given the very few twins first occurrences.
The second piece of confirmatory evidence is obtained only in the 1973 survey. Although that information was unfortunately tied to the specific fertility pattern, we were able to calculate the fraction of potential years since the birth of the first child spent by the mother in market work. Based on the same twins first regression scheme for thP subsample of oldest women, those with a twins first birth actually worked a slightly greater fraction of their potential work experience, spending about 3/4 of a year 100re in the labor force out of a potential experience of over 19 years and an average actual work experience of over 6 years.
Again, the initial increase in home time due to a twin birth that is __ understates significantly the extent to which female labor supply responds to changes in the price of fertility control (p ) relative to the responn siveness of fertility to alterations in contraceptive costs. Moreover, these results imply that estimates of conditional own price (wage) and income effects in labor supply equations which include a ~easure of actual fertility among the regressors will be inconsistent. While it is possible that these inconsistent estimates of "short run" price and income effects conditioned on the quantity of children will be fortuitously close to-· 
V. Conclusions
In the first section of this paper we explored a one-period (lifetime) model which incorporated a production function for child quality and in which individuals differed in their preference orderings for leisure and/or children.
The conditions under which, given lack of information on the price of children (e.g., the price of contraception) and preference orderings, labor supply equations that include children as exogenous regressors will not confound tastes and price heterogeneity were derived. It was demonstrated that if the price of children were known, the use of price as a regressor dominates the use.of quantity, as simultaneous equations estimates were shown to provide conditional demand estimates which must rely on the existence of price information to exogenously alter quantities independently of tastes.
Empirical models of the simultaneous determination of fertility and labor supply are thus no more informative than the usual set of consumer demand equation estimates (to which they must correspond) in terms of verifying theory.
In the following section of the paper, we examined the informational 
35.
Footnotes 1. A notable exception to these empirical labor supply traditions is Mincer (1963) , in which the inappropriateness of including a fertility variable among the set of labor supply regressors is suggested, This paper is in the spirit of that seminal article, providing some possible theoretical rationales for such specifications and their interpretation.
See also Schultz (1979) .
2. These parameterizations of preferences are meant to be illustrative.
Relegation of unobserved differences in preferences to additive error terms in linear demand or "structural" equations, as is common, implies as well a particular, although less easily interpretable, structure to "tastes" heterogeneity.
3. Given (2), the shadow price of child quality would be a function of both the wage (rH) and p . 5. Strong separability is a sufficient condition. In the one-period model it is only necessary that n and £ be substitutes in (1) to obtain the weak test. In the multi-period model described below, strong separability is required to obtain precise results.
6. Alternatively, the appreciation of human capital or, more generally, * a thre9hold function in which home time above some value £ leads to * depreciation and below £ induces a rise in the stock of human capital can be introduced into the multi-period model. The main points of the subsequent analysis would be unaffected.
7. Note that while this formulation implies that in a behavioral sense, optimal changes in human capital are related to past and future labor supply, all these variables are jointly determined out of the utility 36.
maximizing process subject to the techn0logical function (13) and the full (14) wealth constraint. It will be shown below that despite the cost of human capital depreciation being a positive function of future labor supply (from (16)), the model does not yield the prediction that an exogenous rise in future labor supply will reduce (increase) planned human capital decumulation (accumulation) in the current period.
8. Heckman (1978b) proposes a methodology for ascertaining the existence of 'state' dependence in terms of entrance into or exit from the labor force as a function of past labor-force status in the presence of population heterogeneity. In the continuous case of 'serial' dependence considered here, the difficulty related to obtaining a ~onsistent estimate of d£ 2 /di 1 is parallel to that relating to estimating d£/dn. Serial dependence, based on an assumption of some degree of participation (non-zero £.) is defined in terms of a human capital relationship. State dependence 1 with respect to participation admits to both human capital and job (entry) costs interpretations.
9"' Razin's model treats total fertility, intervals between births, as well as the total fertility span as control variables, with parental leisure fixed exogenously. The comparative statics of the model are not discussed, as they are not here, because of the difficulty of obtaining any verifiable predictions.
10. References to these concepts are made in Hill and Stafford (1978) and Schultz (1978) and are implicit in the notion of "short-run" labor supply effects, often used to describe fertility-conditioned labor supply estimates.
11. To correct for the rise in the probability of a multiple birth event with parity, the ratio of twins to the total number of pregnancies was proposed in ,:· ..
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Rosenzweig and Wolpin (1980) as a variable capturing the ~andom component of multiple births. The short-comings of that approach (necessitated by data limitations) detailed in that paper are eliminated in the methodology proposed here. The data discussed below reveal the following pattern of per-pregnancy probabilities of twinning for parities of one to six:
.0070, .0110, .0144, .0168, .0178 •• 0206.
12. The rise in the probability of a multiple birth from the first pregnancy is approximately linear within each of the age intervals we consider in the -4 subsequent empirical analysis with a slope coefficient of .453xl0 over the age range 15-45 with a mean probability of .0076.
13. Let Y 1 , Y 2 and y 3 represent deviations from means for the variables P, TF and AFB respectively, with €"' and u"' the residual deviations in (27) and (28) 
14.
It :is possible that a multiple birth may not be totally unanticipated.
Evidence exists that twinning is a heritable trait (Mittler}, although a twins background is an extremely poor predictor. In the 1970 National Fertility Survey, described in Ryder and Westoff, 1976 , of the 142 families in which either parent had a twin sibling (including one in which both the husband and wife were siblings of twins), none had experienced a multiple birth. 15. For an exogenous increase in any n. to yield the price information J discussed above, it may be necessary that planned fertility not be at biologically maximal fertility, since the occurrence of twins may augment welfare.
16. Table I is presented to enable interpretation of the relative size of twins first effects on fertility and labor supply. The age-profiles of participation and fertility are, however, directionally accurate. In particular, market participation, where participation denotes actual employment, increases even more dramatically with age controlling for vintage due to the increased participation at all ages between 1965 and 1973. On the other hand, since fertility has declined with newer cohorts (except for the oldest age group), the figures in Table I overestimate, though not greatly, the life-cycle increase in children ever born.
17. See Ryder and Westoff, 1976. 18. In using participation rather than a continuous measure of labor supply due to the exigencies of the data, it is necessary to assume that all the women in each age-group work some time in the relevant age-interval.
For a fuller discussion of the relationship between Hicks-Slutsky price effects and participation estimates, see Heckman, 1978a) .
